A Case of Vaping-associated Pulmonary Illness in South America: Highlighting the Need for Awareness and Surveillance Programs in the Region To the Editor:
To date, there have been more than 1,000 reports across the United States in which the use of e-cigarettes, or vaping products, have been associated with cases of acute lung injury, a term that has been recently described as "e-cigarette or vaping product use-associated lung injury" (EVALI) (1, 2) . In most cases, patients are usually male (70%) and younger than 35 years of age (80%) (2) . Clinical manifestations are heterogeneous, with a wide range of symptoms including cough, fever, dyspnea, vomiting, diarrhea, headache, dizziness, and chest pain after the use of vaping devices (1) . Imaging findings reveal a range of patterns suggesting different mechanisms of injury. Most cases have basilarpredominant consolidation and ground-glass opacities, usually with areas of lobular or subpleural sparing (3) . Histopathologic findings are usually nonspecific, but foamy macrophages and pneumocyte vacuolization appear in most cases and are regarded as useful diagnostic clues (4) .
Although the exact pathophysiology of EVALI remains to be established, it appears that there are multiple compounds present in the vaporized material that could potentially cause injury to the lungs, resembling a chemical pneumonitis (1, 2) . No single product, or origin, has been linked to all cases in the recent outbreak, but preliminary data suggest the use of tetrahydrocannabinol-containing products to be associated with most cases, particularly from those obtained from street or other informal sources (2) . As a consequence, in the United States, there is an active surveillance program recommending that the public stop using vaping products until new safety data emerge (2) . The aim of this report is to describe a case of vaping-associated pulmonary illness in a patient from Ecuador. To the best of our knowledge, our case is among the first to be officially reported in South America, highlighting the need for proper implementation of surveillance programs and increasing the awareness of the medical community and general public of the potential risks associated with the use of e-cigarettes and vaping devices.
Case Report
A 20-year old male patient presented to the emergency department after 1 week of worsening symptoms consisting of nasal congestion, rhinorrhea, subjective fever, chest tightness, shortness of breath, wheezing, and persistent tension-like headache in the fronto-orbital region. On admission, his vital signs were blood pressure 130/85 mm Hg, heart rate 95/min, respiratory rate 18/min, temperature 38.3 8 C, and 94% saturation at room air. On physical examination, the patient was diaphoretic and in visible distress, with scattered wheezes in both pulmonary fields. The rest of the examination was within normal limits. Past medical history was positive for seasonal allergic rhinitis and a 4-year use of e-cigarettes, including various products containing tetrahydrocannabinol compounds. The patient was hospitalized on a presumptive diagnosis of acute rhinosinusitis and possible asthma exacerbation.
Laboratory results were unremarkable, as were the levels of C-reactive protein ( Table 1) . Computed tomography (CT) scan of the paranasal sinuses showed changes consistent with a chronic allergic or inflammatory process. An empiric course of antibiotics, intravenous hydration, and analgesia were initiated, as well as respiratory therapy with bronchodilators. Reevaluation at 48 hours since initial hospitalization revealed partial improvement. However, the patient still complained, albeit to a lesser extent, of chest tightness and shortness of breath, which prompted further imaging. CT scan of the chest revealed bilateral ground-glass opacities (Figure 1 ), raising the suspicion of EVALI. Intravenous steroids were started, and the patient promptly saw improvement in his pulmonary symptoms. One week after initial hospitalization, the patient was discharged home on oral corticosteroids with favorable response and was encouraged to discontinue the use of vaping products. Meanwhile, on a followup appointment 1 month later, pulmonary function tests were performed that revealed flow and volume values within normal limits, including the DL CO . The patient also reported complete resolution of his symptoms. Written informed consent was obtained from the patient for the publication of the case report and any accompanying images. 
Discussion
According to the CDC, a confirmed case of pulmonary disease associated with e-cigarette use requires a history of vaping or dabbing 90 days before the onset of symptoms, pulmonary infiltrates on the CT scan, absence of pulmonary infection, and no evidence of an alternative viable diagnosis (5) .
In the case presented, the patient reported a 4-year history of various e-cigarette and vaping products. Moreover, bilateral ground-glass opacities in the lung fields were observed in the CT scan, accompanied with unremarkable laboratory findings. We were unable to find evidence in our patient that might have explained the lower respiratory symptoms. These diagnostic criteria help to define a confirmed case of EVALI from an epidemiologic standpoint; however, we believe that they also represent a useful tool for the clinical practice, as other studies such as pulmonary function tests, BAL, and histopathology result in heterogeneous data that involve a more technical and time-consuming approach, especially in the acute setting (2) . In Latin America, only 7 countries have regulations that include either product prohibitions or restrictions related to e-cigarettes (6) . Even though these policies are focused on restricting advertisement and promotion, as well as sales numbers, none of them enforces the inclusion of a health warning labeling or a description of the ingredients/flavors included (6) . This is of utmost importance, as some chemicals that are used to flavor e-liquids, such as diacetyl, are associated with lung disease (7) . Moreover, in another publication assessing the level of awareness of e-cigarette smoking and its adverse effects, roughly one third of participants realized that e-cigarettes may have negative respiratory health effects, whereas only 16% acknowledge its toxic nature (8). When we asked our patient about specific brands and components, he reported that at first, he consumed a trademarked product, but he switched to flavors with no official brand or regulation, as they were easier and cheaper to obtain.
Vaping-associated lung injury is not only a medical problem but also a social issue. Although its diagnostic criteria have not been defined with a high level of evidence, the situation is also challenged by low awareness of the potential risks by consumers, wide availability of these products, and loose regulations involving these devices. Finally, we want to stress the need for the implementation of surveillance programs in the region, as well as for increasing the awareness of both the general public and medical community. Further research is needed, particularly in South America, where to the best of our knowledge, no cases of EVALI have been published prior to this one. n Author disclosures are available with the text of this letter at www.atsjournals.org. Metabolic plasticity involving shifts between mitochondrial respiration and glycolysis is emerging as a crucial component of innate immune cell function. The number of alveolar macrophages (AMs), the most abundant antigen-presenting cells in the lung, is increased in the lungs of individuals with chronic obstructive pulmonary disease (COPD), associating with disease severity and areas of lung destruction (1, 2) . However, COPD AMs exhibit dysfunctional responses to infection and have lower phagocytic and bactericidal activity (3) (4) (5) . Metabolism is a key determinant of immune cell function and is a vital component governing macrophage adaptation and responses. Metabolic reprogramming involving a shift from ATP production via the mitochondrial electron transport chain, toward anaerobic respiration via glycolysis, is an important proinflammatory effector function of macrophages (6) . The presence and nature of any functional shifts in AM metabolic activity in COPD has not been determined.
In this study, healthy nonsmokers, smokers, and individuals with COPD, all >8 weeks free of an acute exacerbation, underwent bronchoscopy with BAL and collection of AMs, as previously described (4) . In BAL adherence-purified AMs, we first assessed the mitochondrial-related transcriptomic profile of AMs from 22 individuals with COPD, 42 smokers and 24 healthy control individuals, by HG-U133 Plus 2.0 microarray (Affymetrix; deposited as GSE130928, some of whom participated in a prior study [4] ), normalized using the Robust Multi-Array method and filtered on the 1,938 mitochondrial-related probesets (Mitocarta2.0). Agecorrected analysis of covariance with Benjamini-Hochberg-corrected P , 0.05 considered significant, followed by grouping based on gene ontology biological processes, revealed significant alterations in mitochondria-related gene expression in response to cigarette smoke exposure and in COPD. A total of 105 genes (9%) were significantly differentially expressed in smokers versus nonsmoker control individuals with an enrichment of genes related to glutathione metabolism, mitochondrial transport, protein localization and translation, pyruvate metabolism, the tricarboxylic acid cycle, the electron transport chain, and fatty acid oxidation (false discovery rate-adjusted P , 0.05). A total of 129 genes (11%) were significantly altered in smokers with COPD versus nonsmoker control individuals, whereas 149 genes (13%) were significantly differentially expressed in smokers with COPD versus healthy smokers and were enriched for processes related to intrinsic apoptotic signaling pathways, mitochondrial fission, calcium transport, mitochondrial biogenesis, the NLRP1 inflammasome, pyruvate metabolism, complex I biogenesis, and fatty acid oxidation (false discovery rateadjusted P , 0.05; Figure 1A) .
To assess function, we prospectively assessed mitochondrial and glycolytic metabolic activity in the AMs of 12 individuals with COPD, 18 smokers, and 23 healthy control individuals, using a Seahorse Bioanalyzer. Basal oxygen consumption rates and extracellular acidification rates (ECAR) of AMs were similar among nonsmoker control individuals, smokers, and patients with COPD; however, the coupling efficiency in AMs from smokers and individuals with COPD was significantly lower when compared with that of control individuals. Although ATP production was similar between phenotypes, proton leak was significantly higher in AMs from smokers and individuals with COPD versus nonsmoker control individuals. Maximal respiration and the spare respiratory capacity (reserve capacity) were significantly lower in AMs from patients with COPD than in those from smokers. The Bioenergetic Health Index (representing the composite mitochondrial profile) of AMs from both smokers and individuals with COPD was also significantly lower than that of healthy control individuals ( Figure 1B and Table 1 ).
If the spare respiratory capacity is decreased and the threshold activity cannot be met, glycolysis may be stimulated to meet cellular energetic needs. In this study, the rate of glycolysis-specific proton efflux (GlycoPER) was significantly higher in AMs from smokers versus those from healthy control individuals, and smokers had significantly higher post-2G-GlycoPER (the nonglycolytic, nonmitochondrial cellular ECAR) versus healthy control individuals. In contrast, patients with COPD had significantly lower compensatory glycolysis, post-2DG-GlycoPER, and mitochondrial-specific glycolysis versus smokers ( Figure 1C and Table 1 ).
Finally, we examined whether the above AM characteristics associated with clinical parameters including FEV 1 % predicted and DL CO by implementing a linear model that also included age, sex, and subject number. Maximal respiration, spare respiratory capacity, Bioenergetic Health Index, compensatory glycolysis, and post-2DG correlated with spirometric impairment, as defined by FEV 1 % predicted ( Figures 1D and 1E ). In addition, the expression of 219 (19%) mitochondrial-related genes significantly correlated with FEV 1 % predicted in control individuals, healthy smokers, and COPD smokers ( Figure 1F) . A low DL CO in individuals with normal FEV 1 % predicted has been linked to the development of COPD (7) . Here, AM proton leak was numerically higher (mean, 7.38 vs. 4.44 pmol/min/ng DNA; P = 0.21), and coupling efficiency was lower (0.82 vs. 0.87 pmol/min/ng DNA; P = 0.21), in smokers with a low DL CO than in healthy smokers. Smokers with a low DL CO also had significantly lower Bioenergetic Health Index when 
